Abstract. Heryani LGSS, Wandia IN, Suarna IW, Puja IK, Susari NNW, Agustina KK. 2019. Short Communication: Molecular characteristic of taro white cattle based on DNA microsatellite markers. . This research was conducted to assess and characterize the genetics of Taro White cattle. Genetic characterizations of this cattle are essential to conservation and breeding program. A total of 18 samples and 4 pairs of microsatellite DNA markers (BM2113, BM1824, INRA023, and ETH225) were amplified by PCR and the products were run on 8% bis-Acrylamide gels. All microsatellite markers were successfully amplified with a mean allelic number of 3.25. Means of observed and expected heterozygosity were found to be 0,25 and 0,628. The Polymorphism Information Content (PIC) values ranged from 0.448 (BM1824) to 0.627 (BM2113) and fixation index were 0.620. The deviation from Hardy-Weinberg equilibrium revealed that Taro White cattle population exhibited significant deviations from Hardy-Weinberg equilibrium (HWE) and possessed a possibility of inbreeding. The microsatellite loci used or focused in the present study further validate their use for evaluation of genetic diversity of Taro White
INTRODUCTION
Cattle are the animal that can be found in almost all countries in the world (Thornton 2010) . Cattle breeds contribute a total number of mammalian breed in the world (Sutarno and Setyawan 2015; Gororo et al. 2018) . For most livestock species, Asia is the region have the largest number of cattle (Sugiyama et al. 2003) . Indonesia is having four well-recognized breeds (Sutarno and Setyawan 2016; Suwiti et al. 2017) , besides numerous populations, that are yet to be characterized and defined. Taro White cattle breed found only in a limited area of Taro village, Tegallalang district, Gianyar, Bali Province (Figure 1 ). The cattle have a white coat color and they are managed under extensive conditions in a small area and sanctified by the surrounding communities and Balinese society in general (Dharmawan et al. 2010) . They play an important role in culture as they are used for rituals. The origin of this cattle is unknown, but people in Taro believed that these cattle to have inhabited the area prior to the arrival of Rsi Markandya, a Mahayogi (High Priest) from Eastern Java who came to Bali on spiritual guidance (Yasa et al. 2015) .
The taro white cattle are a unique group with a very small number of population and kept at Taro forest at Tegallalang. Currently, there are only 33 cattle in the area. Based on population and the classifications used by FAO, Taro White cattle is considered to be in its critical condition (FAO 2007) . This breed is considered are at risk of extinction. Losing hallmarks of this breed mean losing of cultural identity as well as losing part of the heritage of humanity. To ensure that this is unique genetic resources are available in the future, conservation can be considered as part of the overall strategy used in order to protect Taro White cattle continually.
Figure 1. Taro white cattle
An important strategy in the conservation of these cattle is the dissemination of information on these resources. However, the Taro White cattle breeds are not well classified or are defined with very limited information. Only morphological data available (Heryani et al. 2016 ), but this lacking, then genetic data is needed for conservation strategies. Genetic characterization of this cattle is therefore necessary, as it is more reliable and the information will be the basis of conservation (Boyazoglu et al. 2005; Adriana et al. 2010) .
Genetic characterization can be done by various methods (Amin 2010) . Recently is to use molecular markers for characterization which detect the genetic variation at DNA level (Sutarno 2010) . Microsatellites are the molecular marker of choice for the genetic characterization of the population because they are highly polymorphic single locus DNA sequences scattering throughout the genome and they easily adapt to the Polymerase Chain Reaction (PCR). Many researchers have used microsatellites to reveal the molecular size of products and allele frequency, the number of alleles and genetic characterization of cattle (Sahlu and Goetsch 2005) . DNA microsatellite is best used for identification of a nation as microsatellites are not influenced by the environment (Thilagam et al. 2006) . Canon et al. (2001) using 16 microsatellite loci to determine the structure and genetic diversity in 18 European groups of local cattle, coming from Spain, Portugal and France, and were able to differentiate among the cattle, with heterozygosity values between 0.54 to 0.72 and fixation index 0.07. Information regarding the characterization of these breeds at the molecular level has not been studied yet. therefore, this research became the first. The aim of the present study was to characterize Taro white cattle at a molecular level by means of analysis genetic variability of four microsatellite markers.
MATERIALS AND METHODS

Sample collection and DNA extraction
The sample used in this study was kept in small ranches in Taro Village. Blood samples were collected from 18 cattle. Genomic DNA was extracted from blood samples by Purelink® Genomic DNA Kit 50 RXN (Invitrogen) according to the manufacturer's protocol DNA extraction was performed at Molecular Laboratory of Primate Animal Research Center, Udayana University.
Microsatellite analysis
A total of four microsatellite primers, specific for cattle, were used for characterizing the Taro White cattle breed as recommended by FAO. They were BM1824, BM2113, INRA023, and ETH225. To detect microsatellite polymorphism, all markers were amplified using PCR (Polymerase Chain Reaction). The PCR reaction performed in PCT 100 (MJ Research, Inc. Watertown, Mass, USA) in 12.5 μl reaction was using thermocycler PCT 100 (MJ Research, Inc., Watertown, Mass, USA). with the following PCR program; a denaturation for 3 minutes at 94ºC, followed by 30 cycles of denaturation at 94ºC for 30 seconds, annealing at 55ºC for 30 second and elongation at 72ºC for 30 seconds, and extension at72ºC for 5 minutes.
Microsatellite DNA amplification product was separated in bis-Acrylamide 8% gel using an electrophoresis technique for 1 hour 15 minutes or until Bromthymol blue dye reached the bottom of the gel and band visualization was done by silver staining. DNA typing was done by measuring the migration distance of each DNA bands in the gel compared with standard 100 bp DNA ladder (Behl et al. 2007 ).
Statistical analysis
Allelic frequencies number of alleles, Ho (observed heterozygosities), He (expected heterozygosities) and Ht were estimated for the genotype dataset using Microsatellite toolkit (Park 2001) . Hardy-Weinberg equilibrium was also analyzed to determine the random mating in the local population used the fixation index (FIT) followed by test, with the degree of freedom was 1, to observe inbreeding occurrence in a population (Nei 1987) .
RESULTS AND DISCUSSION
Results
The results showed that the four markers have been successfully amplified in the microsatellite loci of Taro White cattle. All markers were highly polymorphic in all populations. Total of 13 alleles were successfully observed from all samples and the number of the allele at each locus varied from 3 (BM1824, INRA023 and ETH225) to 4 (BM2113) alleles, with an average of 3.25 allele diversity ranged from 125 bp (BM2113) to 204 bp (INRA023) ( PIC values ranged from 0.448 (BM1824) to 0.627 (BM2113). The observed heterozygosity (Ho) ranged between 0.0111 (BM1824) and 0.2222 (INRA023 and ETH225). The average value of observed heterozygosity (Ho) and expected heterozygosity (He) were 0.250 and 0.628 respectively and the average value of F IT was 0.620. The results of microsatellite analysis in terms of the number of the allele, allele size, PIC, and heterozygosity Taro White cattle are presented in Table 2 . 
Discussion
Genetic diversity is useful to determine the genetic relationships within and among populations that are fragmented in a population, which can be analyzed with the approach of DNA (Hartl and Clark 2000) . One approach to DNA that can be used to analyze genetic diversity is a microsatellite DNA. A number of microsatellite markers used in this study are four markers namely BM1824, BM2113, INRA023, ETH225, and have successfully amplified the population. The Measures of alleles derived from PCR products varies greatly, ranging from a low of 125 bp at the locus of BM in 2113 to a high of 204 bp at the locus INRA023, with a number of alleles ranging from 3 to 4.
It has been identified as 3 alleles in microsatellite loci BM1824 in Taro white cattle, with a range of allele 180-193bp. Size 180 bp allele is found at the most that is 50.00%. The number and size of the alleles in this study on the same locus (BM1824), are different with Simmental cattle, in which the number of alleles 6 and a size 176-190bp (Jevrosima et al. 2009 ), this is likely due to the Taro white cattle and Simmental cattle are different breeds.
Amplification of the four loci was tested on Taro white cattle that produce no amount of different alleles showed that almost all loci can distinguish genetic resources in Taro white cattle. This suggests that the difference between these microsatellite loci have different levels of diversity. The standard microsatellite marker that can be used for the analysis of genetic diversity is every locus must have at least 3 alleles with sizes ranging from 100-300 bp (Yu et al. 2009 ).
The number of alleles observed in this study ranged from 3 to 4 with an average of 3.25 ± 2.77allele per locus. The number of the allele in this study was smaller than another study, that showed The number and size of Taro white cattle alleles at these loci, in contrast to Simmental cows, where the number of alleles 9, and its size is 122-142bp (Jevrosima et al. 2009 ). Which used the equal number of markers and identified alleles with 6 alleles at the locus ETH225, 7 alleles at the locus BM2113, 6 alleles at the locus INRA023 and 4 alleles at the locus BM1824. The diversity among loci microsatellite alleles frequency in the population of Taro cattle microsatellite loci is presumably because it has a high polymorphic nature. Nei (1987) , states that an allele is said to be polymorphic if it has an allele frequency which is equal to or less than 0.99 (99%). Genetic diversity (genetic polymorphism) is a condition where there is more than one form or kind of genotype in the population. This value of number and allele size reflected the lower level of allelic variability in Taro White cattle population. This study suggested that there has been a decrease in genetic diversity in Taro white cattle due to its small population. Population isolation experienced by these cattle allows no gene flow from outside. A population is said to be in a state of balance if the genotype frequencies and allele frequency constant from generation to generation, where this is caused by the merger of gametes occur randomly in large populations. The balance of genes in a population occur if no mutation, selection, migration and genetic drift (Allendorf et al. 2013 ). The mean value of observed heterozygosity (Ho) and expected heterozygosity (He) were 0.250 and 0. 628. The mean observed heterozygosity recorded in the present study on Taro White cattle was lower than those reported for Sumba Ongole cattle (Agung et al. 2015) and Simmental cattle (Jevrosima et al. 2010) . The difference between the values of Ho and He can be used as an indicator of an imbalance in the population genotype (Tambasco et al. 2003) .
Four alleles in microsatellite locus BM2113 on of Taro cattle have been identified, with a range of alleles 125-138 bp. Size 125 bp allele is found at the most that is 41.67%. This locus has the highest number of alleles compared to other loci, a high diversity at these loci may be influenced by the level of mutation (Jevrosima et al. 2009 ).
The number of alleles in the locus INRA023 is smaller compared to similar study in Bali cattle. Four alleles were identified with the highest allele frequency on Bali cattle in these loci is 46% and the value of heterozygosity of 0.35 (Winaya et al. 2005) , whereas in Taro white cattle on the same locus is only identified 3 alleles, with heterozygosity value of 0.22. This suggests that the genetic diversity in Taro white cattle is lower than the Bali cattle.
In ETH225 microsatellite loci in Taro white cattle successfully been identified to have a number of 3 alleles with a range of 152-156 bp. Size 156 bp alleles found at the most that is 50.00%. Research on Bali cattle with the same locus (ETH225) successfully been identified to have 7 allele alleles size between 149-165bp, with the highest frequency of on alleles 165bp in the amount of 40.0% and average heterozygosity of 0.717 (Alwiyah 2015) .
The results showed that the genetic diversity of Bali cattle is higher than Taro white cattle, may have been a decrease in the diversity of on Taro white cattle as the result of the isolation of cattle so that the gene flow is low and problems with inbreeding. Bennett (2000) states that genetic diversity due to the variations in the number of repetitions of the sequence of the alkali, where differences emerged regarded as different alleles. The different alleles are caused by differences in the number of alkali repetitions.
Heterozygosity is one of the parameters that can be used to measure the level of genetic diversity in a population. Value heterozygosity ranges from zero to one. When the value is close to zero then it is said that heterozygosity is low, it may endanger the sustainability of a species or population (Nozawa et al. 1996; Tanabe et al. 1999) . And if the value is close to one then it is said to be high heterozygosity. The higher the value of heterozygosity in a population, the higher the incidence of outbreeding (Nei 1987) . Genetic diversity within a breed expressed as average heterozygosity (Metta et al. 2004; Hartati et al. 2010) .
Based on the Ho value and PIC, the microsatellite loci BM2113 highest value Ho is 0.444 and the highest value of PIC is 0.627. BM2113 microsatellite loci (44%) is the most informative loci (heterozygosity calculated directly with the highest value), and microsatellite loci least-informative (heterozygosity calculated directly lowest) is a BM1824 microsatellite loci (11%). The average heterozygosity of Taro white cattle in this study of 0.250 indicates a very low genetic variation in Taro white cattle. Javanmard et al. (2005) state that heterozygosity values below 0.5 indicate low variations of a gene in the population.
The highest level of heterozygosity on locus BM2113 Taro white cattle (0.444) is approximately equal to the previous research, in which Metta et al. (2004) have done on Ongole and Deoni breeds which obtained heterozygosity value of 0.46 and 0.50, with amplification of 10 microsatellite loci. Taro cattle heterozygosity level is higher than the research done by Hartati et al. (2010) in cattle PO (Ongole breed) with a value of heterozygosity of 0.196 with amplification of 6 microsatellite loci. Meanwhile, if compared to the research done by Agung et al. (2015) in cattle SO (Sumba Ongole) with a value of heterozygosity of 80% by a total of 12 microsatellite loci amplification, and research done by Jevrosima et al. (2009) on Simmental cattle, with a value of 0.77 by amplification heterozygosity of 11 microsatellite loci, and as compared to cattle Aceh and Bali cattle that have a heterozygosity of value of 0.70 and 0.80 (Abdullah et al. 2008) , then heterozygosity of Taro white cattle is the third lower than the previous researches. The low heterozygosity of Taro white cattle is due to inbreeding.
The significant difference between the average value of heterozygosity observation (0.250) and the average value of heterozygosity expectations (0.628) on microsatellite loci used in this study and the low value of Ho indicates any deviation from the equilibrium Hardy-Weinberg (Machado et al. 2003) . The difference between the values of Ho and He can be used as an indicator of an imbalance in the population genotype (Tambasco et al. 2003) .
Average PIC value in this study was 0.536. The mean PIC value recorded in the present study was lower than those reported in Sumba Ongole breeds (Agung et al. 2015) . PIC value greater than 0.5 (PIC> 0.5) indicated that microsatellite loci used in this study were very informative to detect the genetic diversity of the population. The highest PIC value on this study was 0.627 on microsatellite loci BM2113, while the value of the lowest PIC is at 0.448 on microsatellite loci BM1824. The low value of the PIC in the locus BM1824 in this study could be caused by several factors such as: number of alleles, assortative mating, Wahlund effects, the selection of heterozygosity, inbreeding or a combination of all factors (Cervini et al. 2006) .
Hardy-Weinberg equilibrium test was used to predict whether the population is stable or not (Tambasco et al. 2003) . In this study, the observed genotype was producing significant Chi-square value. It is meant, the population studied was not in Hardy-Weinberg equilibrium. The deviation of the loci from equilibrium may be due to many causes such as genetic drift and small sample size.
Fixation index (FIT) of four microsatellite loci ranged from 0.375 to 0.808 approached a value of 1. It indicated that there was a deviation from Hardy-Weinberg equilibrium. The results of this study were different from previous studies in cattle in Banteng with FST close to zero (-0.0207), and P> 0.05. Similarly, the Simmental cattle from Serbia using the same microsatellite loci as this research showed the value of P> 0.05 in accordance with the Hardy-Weinberg equilibrium, this FST difference could be due to species differences.
The negative effects of inbreeding will greatly affect a small population, such as the decrease in diversity, the emergence of lethal genes and fixation of some alleles in the population so that the animals become monomorphic and experience a decreased ability to evolve or to adapt to the environment. Declining population is also caused by fragmentation of habitat which would cause the loss of gene flow (the gene flow) and increased genetic drift and inbreeding (mating inbreeding) (Frankham et al. 2004 ).
In conclusion, from the present study, it was concluded that these markers used were successfully amplified and proved very useful for genetic investigations in Taro White cattle. Taro White cattle possessed a low level of genetic diversity. In the future, information in this study will be useful for the formulation of effective conservation strategies.
